(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
19 July 2001 (19.07.2001) 




PCT 



iilllllllillttllilllBlllllB 

(10) International Publication Number 

WO 01/51058 Al 



(51) International Patent Classification 7 : A61K 31/70 

(21) International Application Number: PCT/IBO 1/00139 

(22) International Filing Date: 12 January 2001 (12.01J2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
0000888.8 



14 January 2000 (14.012000) GB 



(71) Applicant (for all designated States except US): 
DANISCO A/S [DK/DK]; Langebrogade 1, P.O. Box 17, 
DK-1001 Copenhagen K (DK). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): AHREN, Bo 
[SE/SE1; Merkuriusgatan 11, S-224 57 Lund (SE). YD, 
Sfaukun [SE/SE]; G Hejdemansgatan 29, S-212 40 Mal- 
5 (SE). 



(74) Agents: HARDING, Charles et aL; D. Young & Co., 21 
New Fetter Lane, London EC4A IDA (GB). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ, 
DE, DK, DM, DZ, EE, ES, FT, GB, GD, GE, GH, GM, HR, 
HU, ID,IL,IN ? IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS , LT, LU, LV, MA, MD, MO, MK, MN, MW, MX, MZ, 
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, 
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the . 
claims and to be republished in the event of receipt of 
amendments 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



00 

1—1 

— ■ 
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USB OF A CYCLIC ETHER FOR THE PREPARATION OF MEDICAMENTS AFFECTING GLUCOSE 
TOLERANCE 

Field of the Invention 

The present invention relates to the modulation of glucose tolerance disorders, such as 
5 diabetes. 

Background to the Invention 

Diabetes is a major health issue, affecting over 1 million people in the United Kingdom 
10 afone. It has been estimated that diabetes and its sequelae account for as much as 5-6% 
of total National Health Service spending. 

The development of type-2 diabetes is caused by a failure of the pancreas to secrete insulin 
in sufficient quantities. Type-2 diabetes is often preceded by a period of insulin resistance. 
15 Insulin resistance is caused by impairment of the ability of insulin to properly regulate 
glucose metabolism. 

Glycogen is the main polymer of carbohydrates such as glucose in liver and muscles for 
carbon and energy storage and as a dynamic pool for maintaining glycemia (i.e. glucose) 
20 homeostasis. Both the synthesis and degradation of glucose are known to be under rigid 
control at both enzymatic and hormone levels, and numerous diseases are known to be 
related to disorders of glycogen metabolism, including diabetes (Lamer, 1990). 

The breakdown of glycogen may proceed via a number of metabolic routes. Glycogen may 
25 be broken down by a-glucosidase giving rise to free glucose molecules. Glycogen may also 
be degraded by glycogen phosphorylase, producing glucose-1 -phosphate, which can be 
converted to free glucose by a phosphatase. (Larner, 1990). 

Glycogen may be also be broken down by via the Anhydrofructose Pathway in which 
30 glycogen is converted to 1 f 5-anhydro-D-fructose <"1,5AnFru") by ct-1,4-glucan lyase (Yu et 
a/., 1 999), which is then further metabolised. One of the products of this metabolic pathway 
is 1,5-anhydro-D-gIucitol (1 ,5AnGic-ol). 1,5AnG!c-ol is found in the cerebrospinal fluid and 
in plasma in humans and may be secreted into the urine. The level of 1 t 5AnGlc-ol is 
around 20-40 pg ml" 1 plasma in normal persons but in diabetic patients it is found at a 
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reduced level of about 0-10 ug ml' 1 plasma (Yamanouchi et a/., 1989; Stickle and Turk, 
1997). 

This alternative glycogen degrading route has been demonstrated in Escherichia co!i y fungi 
5 and algae (for review see Yu et a/., 1999) and also in livers in rats (Kametani et a/., 1996). 
1,5AnFru occurs in free state, for example, at about 0.4 pg g" 1 fresh rat liver tissue and up to 
about 1.9 mg g* 1 fresh tissue of the red alga Gracilariopsis feameiformis (Broberg et a/. f 
1999). 

10 Considerable effort has been directed towards understanding the moJecular basis of 
diabetes, and to the provision of therapeutics for the alleviation of glucose intolerance. 

Summary Aspects Of The Present Invention 

15 It has now been surprisingly shown that cyclic ethers - in particular 1,5-anhydro-D-fructose 
(1,5AnFru) or derivatives that are based on 1,5AnFru or derived from 1,5AnFru - are useful 
in the modulation of glucose metabolism in mammals, in particular in the increase of 
glucose tolerance. 

20 In accordance with the present invention, we have found that glucose metabolism can be 
modulated using a medicament comprising a cyclic ether. Preferably, said cyclic ether is, or 
is derivable from or is based on, 1,5AnFru. In more detail, the cyclic ether may modulate 
specific proteins that are involved in glucose metabolism, such as Glucagon-Like Peptide 1 
(GLP-1), or insulin. 

25 

Thus, one aspect of the present invention concerns a composition for use in or as a 
pharmaceutical (otherwise called a medicament), wherein said composition comprises a 
cyclic ether which modulates glucose metabolism. Preferably, said cyclic ether acts via 
proteins that are involved in glucose metabolism. 

30 

For ease of reference, these and further aspects of the present invention are now discussed 
under appropriate section headings. However, the teachings under each section are not 
necessarily limited to each particular section. 
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Detailed Aspects Of The Present Invention 

According to one aspect, the present invention provides a pharmaceutical for the 
modulation of glucose metabolism. 

5 

More particular, the present invention provides the use of a cyclic ether in the manufacture 
of a medicament to treat a glucose tolerance disorder and/or to modulate GLP-1. 

According to another aspect, the present invention provides the use of a cyclic ether as a 
10 medicament. 

Further, the present invention provides the use of a cyclic ether for the manufacture of a 
medicament for the modulation of glucose metabolism. 

15 Accordingly the present invention provides the use of a cyclic ether, or a pharmaceutical^ 
acceptable form (e.g. salt) thereof, in the manufacture of a medicament to treat a glucose 
tolerance disorder and/or to modulate GLP-1. 

The present invention also provides a composition for use in medicine, said composition 
20 comprising: a cyclic ether as an active ingredient; and optionally a pharmaceutical^ 
acceptable carrier, diluent or excipient; wherein said cyclic ether is capable of affecting 
glucose tolerance and/or modulating GLP-1. 

The present invention also provides a method of therapy, said method comprising 
25 administering to a subject a composition according to the present invention and in an 
amount capable of affecting glucose tolerance disorder and/or modulating GLP-1. 

The present invention also provides a process for preparing a composition according to the 
present invention, said process comprising the steps of: providing a cyclic ether according 
30 to the present invention; and admixing said cyclic ether with a pharmaceutical^ acceptable 
carrier, diluent or excipient. 

The present invention also provides the use of 1,5AnFru in the manufacture of a 
medicament for affecting glucose tolerance disorder and/or modulating GLP-1. 

35 
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Preferable Aspects 

Preferably the cyclic ether is a sugar. 
Preferably the cyclic ether has a hexose ring. 

Preferably the cyclic ether is selected from one or more of: 1,5AnFru, an active mimic of 
1,5AnFru, a cyclic ether based on 1,5AnFru, a cyclic ether derived from 1,5AnFru - such as 
a tautomer or hydrate thereof, or the dehydration product of 1,5AnFru, or a tautomer or 
hydrate thereof, or derivatives thereof. 

More preferably, the cyclic ether is 1,5AnFru. 

Preferably, the medicament or composition is used to treat diabetes. 

Advantages 

The present invention is advantageous since it provides compounds that are capable of 
treating a glucose tolerance disorder and/or modulating GLP-1 

In accordance with a highly preferred aspect of the present invention, we present results 
indicating that 1,5AnFru and its isomers and derivatives can increase the glucose tolerance 
by increasing the incretin glucagon-like peptide 1 (GLP-1) and insulin level in blood after 
oral intake of 1,5AnFru. 

Thus, the present invention provides compounds that can modulate glucose metabolism. 
Glycogen/Glucose Metabolism 

Glycogen is the main polymer of carbohydrate in liver and muscles for carbon and energy 
storage and as a dynamic pool for maintaining glycemia homeostasis. Both the synthesis 
and degradation are known to be under rigid control at both enzymatic and hormone levels 
and numerous diseases are known to be related to the metabolism disorder of glycogen 
(Mathews and van Holde, 1 990). 
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The breakdown of glycogen is catalysed by a-giucosidase to free glucose and by glycogen 
phosphorylase to glucose-1 -phosphate, which can be converted to free glucose by a 
phosphatase. (Lamer, 1990). Novel proteins, such as glycogenin (Alonso et a/. t 1995) and 
PTG (protein targeting to glycogen; Printen et a/., 1997) are also thought to be involved in 
5 these processes. 

As indicated above, a further glycogen degradation route, is the Anhydrofructose Pathway 
(Yu et a!. t 1999). In this pathway, glycogen is first converted to 1,5-anhydro-D-fructose 
(1,5AnFru) by cc-1,4-glucan lyase (Yu et aL, 1999); the formed 1,5AnFru is reduced by a 
10 NADPH-dependent 1,5AnFru specific reductase to 1,5-anhydro-D-glucitol (1,5AnGlc-ol), 
which may further be phosphorylated to 1,5AnGlc-ol 6-phosphate by a kinase (Shiga ef a/., 
1999, Yu eta!., 1999). 

The physiological function of this alternative glycogenolytic pathway has been elucidated in 
15 fungi, algae and £ cofi. For example, the metabolites of this pathway regulate glucose 
uptake, glycogen synthesis and degradation in E. coli (Shiga ef a/., 1999). In contrast, 
however, little is known in mammals about the physiological importance of this alternative 
glycogen degrading route and its impact on the homeostasis of glycogen and carbon 
metabolism in general. 

20 

The current study examines the effect of 1,5AnFru on glucose homeostasis and the 
secretion of insulin in mice. The results obtained indicate that orally administered 1,5AnFru 
increases glucose tolerance and insulin secretion following an oral but not an intravenous 
glucose tolerance. 

25 

We then investigated whether 1,5AnFru affects plasma levels of giucagon-like peptide-1 
(GLP-1) following oral glucose, since GLP-1 is a main gut hormone regulating islet hormone 
secretion (Ahren, 1998). 

30 Modulation of Glucose Metabolism 

The present invention is advantageous in that it provides compounds that are capable of 
modulating glucose metabolism. 
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Modulation of glucose metabolism refers to an effect on glucose metabolism such as 
increasing or decreasing the sequestration of glucose, the polymerisation or 
depolymerisation of glucose, for example into or out of glycogen or starch or long-chain 
sugars or other polymeric forms of glucose. Modulation of glucose metabolism may also 
5 refer to the catabolism of glucose, such as via the citric acid cycle or other routes of 
degradation. Modulation of glucose metabolism may also refer to the attenuation of 
associated signals such as via insulin, or via GLP-1, or other polypeptide in some way 
associated with glucose metabolism. 

10 Insulin 

The cyclic ether of the present invention affects (directly or indirectly) insulin action. 

The term "insulin action" includes the action of insulin itself or an entity capable of affecting 
1 5 the action of insulin. 

The term "affects insulin action" is used herein to mean that insulin action is enhanced, 
increased, augmented, inhibited, reversed, down-regulated or in some way modulated. 

20 The term "affects" is also intended to include mimicking of the effect(s) of insulin, altering 
the endogenous effect(s) of insulin, or modulating one or more of the effect(s) of insulin. 
These effect(s) of insulin may be those found in cells or tissues derived from an organism 
affected by diabetes, or glucose intolerance, or may be found in cells or tissues derived 
from an organism which is not affected by diabetes or glucose intolerance. 

25 

An insulin associated tissue is any tissue which is either known or suspected of being 
involved in some way with insulin. This involvement may be direct, such as tissues which 
produce insulin, or which control or affect the production of insulin. An insulin associated 
tissue may be one which responds to insulin in some way, for example by altering its 
30 metabolism in response to the presence or absence of insulin, or one-which has developed 
resistance to the action of insulin, or resistance to the presence or absence of insulin. 

An "insulin target tissue" is a tissue in which insulin has an effect. This term includes 
tissues in which insulin would normally have an effect, but which may have developed 
35 resistance to the action of insulin. This term also includes tissues in which insulin would not 
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normally have an effect, but may have developed a sensitivity to the action of insulin. Such 
tissues include muscle, fat or liver. 

Determining whether a cyclic ether affects or mimics insulin refers to the assessment of one 
or more of the effects of insulin in the presence and absence of the cyclic ether, and 
deciding whether the cyclic ether has influenced one or more of these characteristic(s) or 
effect(s). Examples of effects of insulin which might be monitored in order to determine 
whether or not a cyclic ether affects or mimics insulin may include measuring the 
expression levels of one or more molecules believed to be involved in insulin signalling or 
glucose metabolism. Other effects which might be monitored include, but are not limited to, 
measuring the stimulation of one or more of the glucose metabolism and/or insulin-related 
signalling pathways, monitoring the levels of glycogen synthesis or breakdown, or assessing 
the activity of enzymes such as glycogen synthase, if any of these characteristics or effects 
is found to be different in the presence or absence of one or more cyclic ethers, or if the 
level of insulin or GLP-1 or other such molecule(s) are altered, then said cyclic ethers would 
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Diabetes insipidus, nephrogenic, 
autosomal recessive 


AQP2 


12q13 


Diabetes insipidus, 
neurohypophyseal 


AVP, AVRP. 
VP 


20p13 


Diabetes mellitus, insulin- 
dependent, neonatal 


PBCA 


Chr.6 


Diabetes mellitus, insulin- 
resistant with acanthosis 
nigricans 


INSR 


19p13.2 


Diabetes mellitus, rare form 


INS 


11p15.5 


Diabetes mellitus, type II 


GCGR 


17q25 


Diabetes mellitus, type II 


NEUROD1, 
NIDDM 


2q32 



The medicament compositions comprising cyclic ethers described herein may act in 
modulating diabetes related polypeptides, such as any of those shown in the above table or 
such as GLP-1 or insulin (discussed in more detail herein), or such as any other polypeptide 
5 related to glucose metabolism. 

Glucagon-Like Peptide 1 (GLP-1) 

In one aspect, the present invention relates to the modulation of GLP-1. 

10 

In this respect, it is known that GLP-1 is involved in the gut control of postprandial insulin 
secretion as an incretin hormone. It is also known that GLP-1 exerts antidiabetogenic 
actions caused by increased insulin secretion, reduced glucagon secretion and inhibited 
gastric emptying (Nauck et aL, 1997; Hoist et a/., 1998; Nauck 1998; Ahren 1998). 

15 

For the development of GLP-1 in the treatment of diabetes, however, exogenous GLP-1 
administration has major limitations due to its short half life, being less than 1.5 min in 
humans (Deacon et a/., 1995) and the need to administer the peptide parenterally due to 
fast gastrointestinal degradation. Attempts to circumvent these limitations include 
20 alternative routes of administration, such as buccal (Gutniak et ai t 1997), combined 
inhibition of the GLP-1 degrading enzyme, dipeptidyl peptidase IV (DDP-IV; Hoist and Dea- 
con, 1998), and the use of DPPIV-resistant analogues (Deacon et a/., 1998). The present 
invention overcomes some or all of these problems. 
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Background teachings on GLP-1 have been presented by Victor A. McKusick et a! on 
http://www.ncbi.nlm.nih.gov/Ornim. For ease of reference, the following information has 
been extracted from that source. 

5 Glucagon-like peptide-1 (GLP1) is a hormone derived from the preproglucagon molecule 

(138030) and is secreted by intestinal L cells. Jt is the most potent stimulator of glucose- 
- induced insulin secretion and also suppresses in vivo acid secretion by gastric glands. By 
transient expression of a rat pancreatic islet cDNA library in COS cells, Thorens (1992) 
isolated a cDNA for the GLP1 receptor (GLP1R). Transfected into COS cells, the receptor 

10 bound GLP1 with high affinity and was coupled to activation of adenylate cyclase, ft did not 

bind peptides of related structure and similar function, such as glucagon (GCG; 138030), 
gastric inhibitory polypeptide (GIP; 137240), vasoactive intestinal peptide (VIP; 192320), or 
secretin (SCT; 182099). The receptor is 463 amino acids long and contains 7 
transmembrane domains. Sequence homology was found only with the receptors for secretin 

15 (SCTR; 182098), calcitonin (CALCR; 114131), and parathyroid hormone (PTHR; 168468), 

which together form a newly characterized family of G-coupled receptors. Dillon et at. (1993) 
also cloned a cDNA corresponding to the GLP1R gene. Stoffel et aL (1993) localized the 
GLP1R gene to 6p21 by fluorescence in situ hybridization. Kershaw et al. (1995) reported 
the genetic mapping of mouse Glplr centromeric to the major histocompatibility region on 

20 proximal chromosome 17. 

Cyclic Ether 

The present invention relates to the use of a cyclic ether as a medicament. 

25 

The cyclic ether has the Formula I: 




Formula I 



R 1 R 4 R 2 R a 



wherein R 1 and R 2 are independently selected from H, -OH, =0, or represent a bond with an 
30 adjacent atom on the ring of the cyclic ether; 

wherein R 3 is a substituent comprising an -OH group; and 

wherein R 4 and R 5 are independently selected from H, -OH, =0 or represent a bond with an 
Adjacent atom on the ring of the cyclic ether; 
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with the proviso that the compound comprises at least three carbon atoms in the ring. 

Preferably the cyclic ether is a sugar. 

5 The sugar - which may be any suitable sugar - may be naturally occurring or it may be a 
synthetic entity, or may be combinations thereof. 

By the term "sugar* it is meant a polyhydroxy aldehyde or polyhydroxy ketone. The 
polyhydroxy aldehyde or polyhydroxy ketone may be optically active. 

10 

The sugar may be a monosaccharide or a oligiosaccharide. Preferably the sugar is a 
monosaccharide. 

The sugar may be a pentose or a hexose.. Preferably the sugar is a hexose 

15 

The cyclic ether - which may be based on 1,5AnFru or a derivative thereof - may be a 
heterocyclic molecule comprising at least three carbon atoms, further comprising hydrogen 
and oxygen atoms in independently varying proportions. Examples of molecules which are 
based on or derived from 1,5AnFru. 

20 

Typically, the cyclic ether will comprise a heterocyclic hydrocarbyl ring. Here, the term 
"hydrocarbyl group" means a group comprising at least C and H and may optionally 
comprise one or more other suitable substituents. Examples of such substituents may 
include halo-, hydroxy, alkoxy-, nitro-, an alkyl group, a cyclic group etc, as well as 

25 combinations thereof. In addition to the possibility of the substituents being a cyclic group, 
a combination of substituents may form a cyclic group. If the hydrocarbyl group comprises 
more than one C then those carbons need not necessarily be linked to each other. For 
example, at least two of the carbons may be linked via a suitable element or group. The 
hydrocarbyl group contains hetero atoms. Suitable hetero atoms will be apparent to those 

30 skilled in the art and include, for instance, sulphur, nitrogen and oxygen. 

Preferably the cyclic ether has the Formula II: 
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Formula It 



wherein R 1 , R 2 , R 3 , R 4 , and R 5 are as defined above. 



More preferably the cyclic ether has the Formula 111 




Formula III 



10 



15 



wherein R 1 , R 2 t R 3 , R 4 , and R s are as defined above. 
Preferably R 3 is or comprises an -CH 2 OH group. 
Preferably R 1 and R 2 are independently selected from -OH, or =0. 
Preferably at least one of R 4 and R 5 is H. 

Preferably the cyclic ether comprises a five or a six membered ring. 

More preferably the cyclic ether is selected from one or more of: 1,5AnFru, or an active 
mimic of 1,5AnFru, a cyclic ether based on 1,5AnFru, a cyclic ether derived from 1,5AnFru 
- such as a tautomer or hydrate thereof, or the dehydration product of 1,5AnFru, or a 
tautomer or hydrate thereof, or derivatives thereof. 

The cyclic ether may have a low calorie value and/or may be calorie-free, and is non-toxic. 
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1,5-Anhydro-D-fructose(1,5AnFru) 

As indicated, in a preferred aspect, the cyclic ether is selected from one or more of: 
1,5AnFru, or an active mimic of 1,5AnFru, a cyclic ether based on 1,5AnFru, a cyclic ether 
5 derived from l,5AnFru - such as a tautomer or hydrate thereof, or the dehydration product 
of 1 ,5AnFru, or a tautomer or hydrate thereof, or derivatives thereof. 

1,5-Anhydro-D-fructose(1,5AnFru) is a relatively inexpensive, non-toxic, low-calorie sugar. 
1,5AnFru is surprisingly found to increase glucose tolerance, This effect appears to be 
10 brought about by 1,5AnFru increasing the levels of glucagon-like peptide (GLP-1) and 
insulin. Hence 1,5AnFru itself, or in combination with other components, is useful as a 
constituent of a medicament for the treatment of GLP-1 and/or insulin- related diseases. 

Production of 1,5AnFru 

15 

1,5AnFru may be formed by the action of <x-1,4-glucan lyase on glycogen and related 
substrates, such as maltose, maltosaccharides. Alternatively, 1,5AnFru can be produced by 
the glucan lyase using starch as substrate (Yu et al. t 1999). 

20 Derivatives and molecules based on 1,5AnFru 

Suitable derivatives of 1,5AnFru may include the isomers of 1,5AnFru which have been 
described chemically by Ahmad (1995), Broberg et al. (1998), Andersen (1999) and 
functionally by Yu et al (1999) and Andersen et at. (1999), 

25 

Suitable derivatives of 1,5AnFru may also include the isomers, hydrates (for examples see 
Scheme 1) and dehydration products and their hydrates (for examples see Scheme 2) of 
1,5AnFru, as well as 4-deoxy-glycero-hexo-2,3-diiuo-furanose (Broberg et a/., 1998), 1,5- 
anhydro-D-glucitol (1,5AnGlc-ol), 1,5AnGlc-ol 6-phosphate (Sakuma et a/., 1998; Yu et al. 
30 1999) and others. 
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cc-D-Glucose 1,5-Anhydrofructose 1,5-Anhydro fructose hydrate 
Scheme 1A. The structures of the sugars discussed herein. Note that 1,5-anhydrofructose 
exists in 1,5-anhydrofructose hydrate in aqueous solution. 
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H0CH2 




HOCH2 



H0CH2 




"O O" OH 

Ascopyrone M Ascopyrone P 



HOCH2 
J— — 0 



HOCH2 

y- — o v 



(oh ho) >x ho) 



OH OH 

Ascopyrone T\ 




HO' oh o' 

Ascopyrone T 2 Ascopyrone T 3 
Scheme 2. Examples of derivatives of 1,5AnFru: dehydration products and their tautomers 
and hydrates. 
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Mimics 



In one aspect, the cyclic ether can be a mimic of a 1,5AnFru structure. 

The term "mimic" as used herein means having a similar or different structure but having a 
similar functional effect In other words, different chemical groups or residues may 
comprise a similar stearic shape to a 1,5AnFru or an active part thereof. 

Pharmaceutical Form 

The cyclic ether of the present invention may be in a pharmaceutical^ acceptable form of 
the cyclic ether. The cyclic ether may be in a pharmaceutical^ acceptable form of the cyclic 
ether of Formula I: 



wherein R 1 and R 2 are independently selected from H, -OH, =0, or represent a bond with an 

adjacent atom on the ring of the cyclic ether; 

wherein R 3 is a substituent comprising an -OH group; and 

wherein R 4 and R 5 are independently selected from H, -OH, =0 or represent a bond with an 
adjacent atom on the ring of the cyclic ether; 

with the proviso that the compound comprises at least three carbon atoms in the ring. 

The pharmaceutical^ acceptable form may consist of a derivative of Formula I. For 
example, one or more of the hydroxy groups of Formula I may be derivatised. One or more 
or the derivatised hydroxy groups may be an ester group. 

The ester group may be an acyl ester. The ester group may be an acetyl ester. The ester 
group may be an esterified fatty acid. 




Formula I 
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When the compound of the present invention is 1,5AnFru t the esterified derivative may be 
6-0-acyI-1,5-anhydro-D-fructose represented below 




5 Esterified derivative in accordance with the present invention may be one or more derivative 
disclosed in British Patent Application No. 9906458.6, filed 19 March 1999. 

The cyclic ethers of the present invention may be administered in the form of a 
pharmaceutical acceptable salt. 

10 

Pharmaceutically-acceptabfe salts are well known to those skilled in the art, and for 
example include those mentioned by Berge et al, in J.Pharm.Sci., 66, 1-19 (1977). Suitable 
acid addition salts are formed from acids which form non-toxic salts and include the 
hydrochloride, hydrobromide, hydroiodide, nitrate, sulphate, bisulphate, phosphate, 
15 hydrogenphosphate, acetate, trifluoroacetate, gluconate, lactate, salicylate, citrate, tartrate, 
ascorbate, succinate, maleate, fumarate, gluconate, formate, benzoate, 
methanesulphonate, ethanesulphonate, benzenesulphonate and p-toluenesulphonate salts. 

When one or more acidic cyclic ethers are present, suitable pharmaceutical^ acceptable 
20 base addition salts can be formed from bases which form non-toxic salts and include the 
aluminium, calcium, lithium, magnesium, potassium, sodium, zinc, and pharmaceutically- 
active amines such as diethanolamine, salts. 

The present invention also includes the use of zwitterionic forms of the cyclic ethers of the 
25 present invention. 

The terms used in the claims encompass these forms. 
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Stereo And Geometric Isomers 

Some of the cyclic ethers may exist as stereoisomers and/or geometric isomers - e.g. they 
may possess one or more asymmetric and/or geometric centres and so may exist in two or 
5 more stereoisomer^ and/or geometric forms. The present invention contemplates the use 
of all the individual stereoisomers and geometric isomers of those inhibitor agents, and 
mixtures thereof. The terms used in the claims encompass these forms. 

Solvates 

10 

The present invention also includes the use of solvate forms of the cyclic ethers of the 
present invention. The terms used in the claims encompass these forms. 

Pro-Drug 

15 

The present invention also includes the use of pro-drug forms of the cyclic ethers of the 
present invention. The terms used in the claims encompass these forms. 

Other Active Components 

20 

The composition of the present invention may also comprise other therapeutic substances 
in addition to the cyclic ether. 

Therapy 

25 

The cyclic ethers of the present invention may be used as therapeutic agents - i.e. in 
therapy applications. 

The term "therapy" includes curative effects, alleviation effects, and prophylactic effects. 

30 

The therapy may be on humans or animals. 

The therapy can include the treatment of glucose metabolism disorders, diabetes or related 
afflictions. 

35 
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The therapy may be for treating conditions associated with altered glucose metabolism, 
diabetes, or chronic disease. 

Pharmaceutical Compositions 

5 

in one aspect, the present invention provides a pharmaceutical composition, which 
comprises a composition according to the present invention and optionally a 
pharmaceutical^ acceptable carrier, diluent or excipient (including combinations thereof). 

10 The pharmaceutical compositions may be for human or animal usage in human and 
veterinary medicine and will typically comprise any one or more of a pharmaceutical^ 
acceptable diluent, carrier, or excipient. Acceptable carriers or diluents for therapeutic use 
are well known in the pharmaceutical art, and are described, for example, in Remington's 
Pharmaceutical Sciences, Mack Publishing Co. (A. R. Gennaro edit. 1985). The choice 

15 of pharmaceutical carrier, excipient or diluent can be selected with regard to the intended 
route of administration and standard pharmaceutical practice. The pharmaceutical 
compositions may comprise as - or in addition to - the carrier, excipient or diluent any 
suitable binder(s), lubricant(s), suspending agent(s), coating agent(s), solubilising agent(s). 

20 Preservatives, stabilisers, dyes and even flavouring agents may be provided in the 
pharmaceutical composition. Examples of preservatives include sodium benzoate, sorbic 
acid and esters of p-hydroxybenzoic acid. Antioxidants and suspending agents may be also 
used. 

25 There may be different composition/formulation requirements dependent on the different 
delivery systems. By way of example, the pharmaceutical composition of the present 
invention may be formulated to be delivered using a mini-pump or by a mucosal route, for 
example, as a nasal spray or aerosol for inhalation or ingestable solution, or parenterally in 
which the composition is formulated by an injectable form, for delivery, by, for example, an 

30 intravenous, intramuscular or subcutaneous route. Alternatively, the formulation may be 
designed to be delivered by both routes. 

Where the agent is to be delivered mucosally through the gastrointestinal mucosa, it should 
be able to remain stable during transit though the gastrointestinal tract; for example, it 
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should be resistant to proteolytic degradation, stable at acid pH and resistant to the 
detergent effects of bile. 



Where appropriate, the pharmaceutical compositions can be administered by inhalation, in 
5 the form of a suppository or pessary, topically in the form of a lotion, solution, cream, 
ointment or dusting powder, by use of a skin patch, orally in the form of tablets containing 
excipients such as starch or lactose or chalk, or in capsules or ovules either alone or in 
admixture with excipients, or in the form of elixirs, solutions or suspensions containing 
flavouring or colouring agents, or they can be injected parenterally, for example 

10 intravenously, intramuscularly or subcutaneously. For parenteral administration, the 
compositions may be best used in the form of a sterile aqueous solution which may contain 
other substances, for example enough salts or monosaccharides to make the solution 
isotonic with blood. For buccal or sublingual administration the compositions may be 
administered in the form of tablets or lozenges which can be formulated in a conventional 

15 manner. 



In the treatment of diabetes, the compound of the present invention may be used in 
combination with other insulinotropic agents, such as hypoglycaemic sulphonylureas, 
meglitinide analogues, imidazolidine, and guanidine derivatives or GLP-1 and its derivatives. 
20 Other insulinotropic agents are disclosed in W.J. Malaisse, 1999, Insulinotropic action of 
monosaccharide esters: therapeutic perspectives. Diabetologia, 42: 286-291. 

Administration 



25 Typically, a physician will determine the actual dosage which will be most suitable for an 
individual subject and it will vary with the age, weight and response of the particular patient 
and severity of the condition. The dosages below are exemplary of the average case. 
There can, of course, be individual instances where higher or lower dosage ranges are 
merited. 

30 

The compositions {or component parts thereof) of the present invention may be 
administered orally. In addition or in the alternative the compositions (or component parts 
thereof) of the present invention may be administered by direct injection. In addition or in 
the alternative the compositions (or component parts thereof) of the present invention may 
35 ..be administered topically. In addition or in the alternative the compositions (or component 
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parts thereof) of the present invention may be administered by inhalation. In addition or in 
the alternative the compositions (or component parts thereof) of the present invention may 
also be administered by one or more of: parenteral, mucosal, intramuscular, intravenous, 
subcutaneous, intraocular or transdermal administration means, and are formulated for 
5 such administration. 

Depending upon the need, the agent may be administered at a dose of from 0.0001 to 3000 
mg/kg body weight, such as from 0.01 to 100 mg/kg, more preferably from 0.1 to 1 mg/kg 
body weight. 

10 

By way of further example, the agents of the present invention may be administered in 
accordance with a regimen of 1 to 10 times per day, such as once or twice per day. The 
specific dose level and frequency of dosage for any particular patient may be varied and will 
depend upon a variety of factors including the activity of the specific compound employed, 
15 the metabolic stability and length of action of that compound, the age, body weight, general 
health, sex, diet, mode and time of administration, rate of excretion, drug combination, the 
severity of the particular condition, and the host undergoing therapy. 

The term "administered" also includes but is not limited to delivery by a mucosal route, for 
20 example, as a nasal spray or aerosol for inhalation or as an ingestable solution; a parenteral 
route where delivery is by an injectable form, such as, for example, an intravenous, 
intramuscular or subcutaneous route. 

Hence, the cyclic ether of the present invention may be administered by one or more of the 
25 following routes: oral administration, injection (such as direct injection), topical, inhalation, 
parenteral administration, mucosal administration, intramuscular administration, intravenous 
administration, subcutaneous administration, intraocular administration or transdermal 
administration. 

30 For some applications; preferably the agent is administered orally. 

Here, the cyclic ether (or its derivatives) is given in either liquid or solid form or mixed with 
other suitable components. It may be dissolved in soft drinks or added in selected food 
products. 



35 
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Thus, preferably the composition of the present invention is administered orally for 
treatment of glucose metabolism disorders. 

1 v 5AnFru and Sugar Metabolism 

In fungi and algae, 1,5AnFru may be converted to antibiotics under stress conditions (Baute 
et a/., 1988). (Baute et al. f 1998; Broberg et a/., 1999), while in mammals and E. cofi 
1,5AnFru is reduced by NADPH-dependent reductase to 1,5-anhydroglucitol (Sakuma et at., 
1998; Yu et a/., 1999). This polyol may be phosphorylated or filtered directly into the 
preurine, where it competes with glucose for tubular re-absorption (Yamanouchi et a/., 
1992). Low plasma levels of 1,5-anhydro glucitol have been shown to correlate to 
giucosuria in diabetics, and plasma 1,5-anhydro glucitol has been suggested to be a marker 
for the glycemic control in diabetes (Yamanouchi et a/., 1989; Stickle and Turk, 1997). The 
main portion of plasma 1,5-anhydro glucitol is derived from dietary intake and only a small 
fraction is derived from in vivo reduction of 1,5-anhydro fructose (Yamanouchi et a/., 1992). 

Since it represents an alternative degradation pathway of glycogen, we examined its 
influence on insulin secretion and glucose disposal in mice. We found that at appropriate 
dose levels, 1,5AnFru inhibited glucose-stimulated insulin secretion during an intravenous 
glucose tolerance test in vivo and after raising the glucose level in the incubation medium 
when isolated islets were incubated in vitro. 

Inhibition of insulin secretion from islets may be due to inhibition of glucokinase and 
hexokinase by 1,5AnFru (or derivatives thereof) according to the invention. 

It is shown herein that gastric administration of 1,5AnFru potentiates insulin secretion and 
glucose tolerance during gastric glucose tolerance test. 

The plasma levels of GLP-1 in the mice after gastric glucose are examined, GLP-1 being a 
gut hormone released by enteral glucose acting as an incretin hormone potentiating insulin 
secretion (Ahren, 1998). It is found that 1,5AnFru markedly enhances the GLP-1 response 
to gastric glucose. It is therefore possible that the augmented insulin response by gastric 
1,5AnFru is mediated by the increased levels of GLP-1. 1,5AnFru (or derivatives thereof) 
may therefore stimulate GLP-1 secretion from the intestinal L-cells. 
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Glucose may activate GLP-1 secretion from intestinal L cells through absorption from the 
luminal side (Sugiyama et ai % 1994). 1,5AnFru may delay the absorption of glucose in the 
gut, enabling more glucose to reach the L-cells, in analogy with the pseudotetrasaccharide, 
acarbose, which increases GLP-1 secretion after oral sucrose by inhibiting enteral a- 
5 glucosidase, thereby postponing gut absorption of glucose to more distal parts of the gut 
with a higher L-cell density (Seifarth et a/., 1998). 1,5AnFru (or derivatives thereof) may 
directly stimulate GLP-1 secretion from the intestinal L-cells. 

GLP-1 secretion from the L-cells is governed by a sodium-glucose co-transporter 
10 mechanism, and carbohydrates that activate this mechanism, like glucose, galactose, 
methyl-a-glucoside and 3-O-methyl glucose, stimulate GLP-1 secretion, whereas 
carbohydrates which are not substrates for this luminal sodium/glucose transport, like 2-de- 
oxy-glucose and N-acetyl-glucosamine, do not stimulate GLP-1 secretion (Ritzel et a/., 
1997). In addition, a sodium-independent GLP-1 secretion has also been found since fruc- 
15 tose stimulates GLP-1 secretion independently from sodium (Ritzel et a/., 1997). 

1,5AnFru (or derivatives thereof) may therefore be a substrate for the sodium/glucose 
transport mechanism and therefore activate GLP-1 secretion through this pathway or, like 
fructose, may do so through a sodium-independent mechanism. 

20 

The cyclic ether of the present invention may be advantageously employed to augment 
endogenous GLP-1 secretion. This would augment insulin secretion after meal intake 
(Nauck et al. t 1997). This would be of particular interest in view of the reduction of GLP-1 
secretion after meal which is often seen in diabetics (Toft-Nielsen et a/ M 1999). The present 
25 invention therefore provides a method for augmenting endogenous GLP-1 secretion and 
improving glucose tolerance after gastric administration of glucose by administration of 
compositions according to the present invention. 

It is known that a wide of range carbohydrates can stimulate secretion of GLP-1 and the 
30 possible mechanism may be the interaction of these carbohydrates with a uncharacterised 
sugar-sensor, which triggers the L-cells to produce GLP-1, which in turn interacts with the 
GLP-1 acceptor on the cells that produce insulin (Shima et a/., 1990; Ritzel et al, t 1997). 

Due to the severe chemical and biological conditions in the intestine, we believe (without 
35 -wishing to be bound by theory) that 1,5AnFru can be converted to different isomers and 
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derivatives (Scheme 1 and 2). We believe that at least most of them should have 
interaction with the sugar-sensor according to the model proposed (Shima et ai 1990; 
Ritzel et a/., 1997) that requires a hexose ring. 

5 Summary 

The use of 1,5-AnFru (or derivatives thereof) advantageously increases glucose tolerance 
by increasing GLP-1 and insulin. 

10 Thus, according to the present invention, a cyclic ether and its derivatives may be 
advantageously used to increase glucose tolerance by increasing glucagon-like peptide 1 
(GLP-1) and insulin, and are therefore useful as medicament(s) for improving the condition 
of patients suffering from diseases related to glucose intolerance or to GLP-1 or insulin. 

15 Examples 

The present invention will now be described by way of exampie, in which reference is made 
to the accompanying Figures: 

20 Figure 1 which is a graph 
Figure 2 which is a graph 
Figure 3 which is a graph 
Figure 4 which is a graph 

25 In more detail: 

Fig. 1 Plasma insulin and glucose levels immediately before and at 1, 5, 10, 20, 30 and 50 
min after an iv injection of glucose (1 g/kg) with or without addition of 1,5AnFru at 0.2 or 1 
g/kg in anesthetized mice. Means±SEM are shown, n indicates number of mice in each 
30 group. 

Fig* 2 Insulin secretion from overnight cultured isolated mouse islets during a 60 min 
incubation in presence of different concentrations of glucose or 1,5AnFru (at 3,3 or 11.1 
mmol/l glucose). Values are mean±SEM. There were 24 observations in each point. 



WO 01/51058 



PCT/IB01/00139 



23 

Fig. 3 Plasma insulin and glucose immediately before and at 15, 30, 60, 90 and 120 min 
after administration of glucose (150 mg/mouse) through a gastric gavage with or without 
addition of 1,5AnFru (150 mg/mouse) in anesthetized mice. MeanstSEM are shown, n 
indicates number of mice in each group. 

5 

Fig. 4 Plasma GLP-1 immediately before and at 15, 30 and 60 min after administration of 
glucose (150 mg/mouse) through a gastric gavage with or without addition of 1,5AnFru (150 
mg/mouse) in anesthetized mice. Means±SEM are shown, n indicates number of mice in 
each group. 

10 

General Methods 



Animals. 



15 Non-fasted NMRI mice (Bomholdtgaard Breeding and Research Center, Ry, Denmark), 
weighing 20-25 g are used throughout the study. The animals are fed a standard pellet diet 
and tap water ad libitum. 



Intravenous glucose tolerance test 

20 

The mice are anesthetized with an intraperitoneal injection of midazolam (Dormicum R , 
Hoffman-La-Roche, Basel, Switzerland, 0.4 mg/mouse) and a combination of fluanison (0.9 
mg/mouse) and fentanyl (0.02 mg/mouse; Hypnorm R , Janssen, Beerse, Belgium). 
Thereafter, a blood sample is taken from the retrobulbar, intraorbital, capillary plexus in 

25 heparinized tubes, whereafter D-glucose (British Drug Houses, Poole, UK; 1 g/kg) is 
injected rapidly intravenously either alone or together with 1,5AnFru (Danisco Ltd, 
Copenhagen, Denmark; 0.2 or 1 g/kg); in one series of experiments, 1,5AnFru is given 
alone (1 g/kg). The volume load is 10 jj|/g body weight. New blood samples are taken after 
1,5, 10, 20, 30 and 50 minutes. In another set of experiments, 1,5AnFru is given by gastric 

30 gavage (0.2 g/kg) five minutes before the zero blood sample taken immediately before the 
intravenous injection of glucose as above. Blood samples are taken as above. Following 
immediate centrifugation at 4°C, plasma is separated and stored at -20°C or until analysis. 
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Gastric glucose tolerance test 

The mice are fasted overnight and anesthetized as above. After induction of anesthesia, D- 
glucose (150 mg/mouse in 0.5 ml) is administered alone or together with 1,5AnFru (150 
5 mg/mouse) through a gavage tube (outer diameter 1.2 mm) placed in the stomach. Blood 
samples are taken after 15 r 30, 45, 60, 90 and 120 minutes and treated as above. 

Insulin secretion in vitro. 

10 Pancreatic islets are isolated from four mice with the collagenase isolation technique. In 
brief, the pancreas is filled retrogradely through the pancreatic duct with 3 mi of Hank's 
Balanced Salt Solution (Sigma), supplemented with 0.3 mg/mi of Collagenase P (activity 
1.86 U/mg; Boehringer Mannheim Gmbh, Mannheim, Germany). The pancreas is subse- 
quently removed and incubated in the same solution for 20 min at 37°C. After rinsing, the 

15 islets are handpicked under a stereomicroscope and incubated overnight in RPMI 1640 
medium supplemented with 10% fetal calf serum, 2.05 mmol/l L-glutamine, 2.5 jig/ml am- 
photericin B (GIBCO BRL, Paisley, Scotland), 100 lU/ml penicillin and 100 ^g/ml 
streptomycin (Biol Ind, Beit Haemek, Israel) at 37°C in humidified air equilibrated with 5% 
C0 2 . Following the overnight incubation, the islets are washed three times and then pre- 
20 incubated for 60 min at 37°C in a Hepes medium (pH 7.36) supplemented with 0.1% human 
serum albumin (Sigma) and 3.3 mmol/i glucose. The medium consists of (in mmol/l): 125 
NaCi, 5.9 KCI, 1.2 MgCI 2l 1.28 CaCI 2 (all Sigma) and 25 Hepes (Boehringer Mannheim). 
After the pre-incubation, groups of three islets are transferred into separate chambers con- 
taining 200 ill of the medium supplemented with glucose and 1,5AnFru at various 
25 concentrations. Following incubation at 37°C for 60 min, 25 jxl of the medium is collected 
from each chamber and stored at -20°C until analysis. 

Analysis. 

30 Plasma insulin is determined radioimmunochemically with the use of a guinea pig anti-rat 
insulin antibody, 125 l-labelted porcine insulin as tracer and~rat insulin as standard (Unco 
Research, St Charles, Mo, USA). Free and bound radioactivity is separated by use of an 
anti-IgG (goat anti-guinea pig) antibody (Linco). The sensitivity of the assay is 12 pmol/l 
and the coefficiency of variation is less than 3% at both low and high levels. Plasma 

35 glucose is determined with the glucose oxidase method. Plasma GLP-1 is measured by a 
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radioimmunoassay after extraction of plasma samples with ethanol. 400 pi 0.05 moi/I 
sodium phosphate buffer, pH 7.5, containing 6% albumin and 0.1 mol/l NaCI is added to 
100 pi mouse plasma on ice and mixed well. The mixture is then extracted with 70% 
ethanol (vol/vol, final dilution), and after vacuum centrifugation the residue is reconstituted 
5 in assay buffer and assayed as previously described (0rskov et a/., 1994). The antiserum 
(code no. 89390) is highly specific for C-terminal intestinal GLP-1, and recognizes mouse 
GLP-1. The sensitivity using this procedure is 5 pmol/l, and the intra-assay coefficient of 
variation is 10%. The recovery of GLP-1 added to mouse plasma is within ±20% of 
expected values. 

10 

Statistical analysis. 

Means±SEM are shown. Area under the curve for plasma insulin levels (AUC lnS u/in) is cal- 
culated by the trapezoid rule. Statistical analyses are performed with the SPSS for 
15 Windows system. Statistical comparisons between groups are performed with Students t- 
test. 

Intravenous glucose tolerance test. 

20 Fig. 1 shows that basal plasma levels of insulin or glucose are not affected by 1,5AnFru 
when the sugar was given alone (1 g/kg). However, when given together with glucose (1 
g/kg), 1 F 5AnFru inhibites glucose-stimulated insulin secretion when given at 1 g/kg. Thus, 
the area under the insulin curve during the 50 min study period, AUC lnsU | ini which was 
14.4±2.1 nmol/l x 50 min in the controls given glucose alone and 14.6±1.9 nmol/l x 50 min in 

25 mice given glucose and 1,5AnFru at 0.2 g/kg f is reduced to 8.6±1.9 in mice given glucose 
and 1,5AnFru at 1 g/kg (P=0.021). In contrast, glucose elimination after the intravenous 
glucose administration is not affected by 1,5AnFru. 

Insulin secretion in vitro 

30 

Fig. 2 shows that 1,5AnFru does not affect glucose-stimulated insulin secretion when 
added to isolated mouse islets at dose levels of 11.1 mmol/l or below. However, when a 
high dose level of 16.7 mmol/l 1 f 5AnFru is added together with 11.1 mmol/l glucose, 
inhibition of insulin secretion is observed. 

35 . 
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Gastric glucose tolerance test 

When 1,5AnFru is given through a gastric gavage together with glucose, the plasma insulin 
levels are increased in comparison when glucose is given alone (Fig. 3). Thus, the 
5 AUQnsuiin during the first 60 min after administration is increased by 1,5AnFru from 20.3±2.3 
nmol/l in 60 min in controls to 32.9±2.6 nmol/l in 60 min in mice given glucose and 1,5AnFru 
(P=0.018). This is followed by increased glucose elimination, as evidenced by higher 60 
min glucose value in the control group (22.1±2.8 mmol/l) than in mice given glucose with 
1,5AnFru (15.5±1.6 mmol/l; P=0.021). 

10 

Plasma GLP-1 after gastric gavage 

Adminstration of glucose through gastric gavage increases plasma levels of GLP-1. The in- 
crease in GLP-1 levels is potentiated by the combined aministration of 1,5AnFru and 
15 glucose (Fig. 4). Thus, both the 30 min (30.8±6.1 versus 78.2±8.6 pmol/I) and the 60 min 
(8.2±5.9 versus 28.8±3.8 pmol/I) values are higher after administration of glucose with 
1 t 5AnFru than after administration of glucose alone (P<0.05 for both). 

The influence of 1,5AnFru on glucose-stimulated insulin secretion both in vivo and in 
20 vitro is examined. 

In vivo, the influence of the sugar on insulin secretion and glucose tolerance is determined 
both during an intravenous glucose tolerance test and when giving 1,5AnFru together with 
glucose through gastric gavage in anesthetized mice. 

25 

It is found that when administered intravenously at 1 g/kg, 1,5AnFru inhibits the insulin 
response to iv glucose (1 g/kg), without affecting the glucose elimination during the 50 min 
study period. 

30 When incubated with isolated islets, 1,5AnFru at 16.7 mmol/l, inhibits glucose (11.1 mM)- 
stimulated insulin secretion. Furthermore, when given through a gastric gavage (150 
mg/mouse) together with glucose (150 mg/mouse), 1,5AnFru increases glucose tolerance, 
as evident by reduced 60 min plasma glucose level (15.5±1.6 mmol/l versus 22.1±2.8 
mmol/l in controls; P=0.021). Simultaneously, insulin secretion is increased by 1,5AnFru 

35 (AUCinsuiin during 60 min was 32.9±2.6 versus 20.3±2.3 nmol/l in control, P=0.018). 
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Furthermore, 1,5AnFru potentiates the increase in plasma levels of the gut hormone, 
glucagon-like peptide- 1 (GLP-1) when given through the gastric gavage. We disclose 
herein that 1,5AnFru given enteraliy increases giucose tolerance in mice by increasing 
5 insulin secretion due to increased plasma levels of GLP-1 . 

All publications mentioned in the above specification are herein incorporated by reference. 
Various modifications and variations of the described methods and system of the invention 

10 will be apparent to those skilled in the art without departing from the scope and spirit of the 
invention. Although the invention has been, described in connection with specific preferred 
embodiments, it should be understood that the invention as claimed should not be unduly 
limited to such specific embodiments. Indeed, various modifications of the described 
modes for carrying out the invention which are obvious to those skilled in chemistry, 

15 biochemistry, biotechnology or related fields are intended to be within the scope of the 
following claims. 
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CLAIMS 

1. Use of a cyclic ether, or a pharmaceutical^ acceptable form (e.g. salt) thereof, in the 
manufacture of a medicament to treat a glucose tolerance disorder wherein the cyclic ether 
5 has the Formula I: 




Formula 1 



wherein R 1 and R 2 are independently selected from H, -OH, =0, or represent a bond with an 
adjacent atom on the ring of the cyclic ether; 
10 wherein R 3 is a substituent comprising an -OH group; and 

wherein R 4 and R s are independently selected from H, -OH, =0 or represent a bond with an 
adjacent atom on the ring of the cyclic ether; 

with the proviso that the cyclic ether comprises at least three carbon atoms in the ring. 
1 5 2. Use according to claim 1 wherein the cyclic ether is a sugar 

3. Use according to claim 1 or claim 2 wherein the cyclic ether has the Formula II: 




Formula II 



20 wherein R 1 , R 2 , R 3 , R 4 ,and R 5 are as defined in claim 1. 

4. Use according to any one of the preceding claims wherein the cyclic ether has the 
Formula III 
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Formula III 



wherein R\ R 2 , R 3 , R 4 f and R 5 are as defined in daim 1. 

5. Use according to any one of claims 2 to 4 wherein R 3 is or comprises an -CH 2 OH group. 

5 

6. Use according to any one of claims 2 to 5 wherein R 1 and R 2 are independently selected 
from -OH, or -O. 

7. Use according to any one of claims 2 to 6 wherein at least one of R 4 and R 5 is H. 

10 

8. Use according to any one of the preceding claims wherein the cyclic ether comprises a five 
or a six membered ring. 

9. Use according to any one of the preceding claims wherein said cyclic ether is selected 
15 from one or more of: 1,5 anhydrofructose ( tt 1,5AnFru") f or an active mimic of 1,5AnFru, a 

cyclic ether based on 1,5AnFru, a cyclic ether derived from 1,5AnFru - such as a tautomer 
or hydrate thereof, or the dehydration product of I.SAnFru, or a tautomer or hydrate thereof, 
or derivatives thereof. 

20 10. Use according to any preceding claim wherein said cyclic ether is 1 ,5AnFru. 

11. Use according to any preceding claim wherein said medicament is to treat diabetes. 

12. A composition for use in medicine, said composition comprising: 

25 i) a cyclic ether as an active ingredient, wherein said cyclic ether is the cyclic ether as 
defined in any one of claims 1 to 1 1; and optionally 
ii) a pharmaceutical^ acceptable carrier, diluent or excipient; 
wherein said cyclic ether is capable of affecting glucose tolerance. 

30 13. A composition according to claim 12 wherein said composition is for modulating GLP-1 
and/or treating a glucose tolerance disorder, such as diabetes. 
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14. A method of therapy, said method comprising administering to a subject a composition 
as defined in any one of claims 12 to 13 and in an amount capable of affecting gfucose 
tolerance disorder. 

5 

15. A method according to claim 14 wherein said glucose tolerance disorder is diabetes. 



16. A process for preparing a composition as defined in any one of claims 12 to 13 t said 
process comprising the steps of: 

10 i) providing a cyclic ether as defined In any one of claims 1 to 11; and 

ii) admixing said cyclic ether with a pharmaceutical^ acceptable carrier, diluent or 
excipient. 

17. A process according to claim 16 wherein said composition is subsequently used for 
15 affecting glucose tolerance disorder and/or modulating GLP-1 . 

18. Use of 1,5AnFru in the manufacture of a medicament for affecting glucose tolerance 
disorder. 
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